Acari ectoparasites were collected from bats during 12 months in the Rio Negro farm (19°34´22˝S and 56°14´36˝W), Aquidauana, Mato Grosso do Sul. A total of 654 bats belonging to the families Phyllostomidae, Noctilionidae, Molossidae, Vespertilionidae and Emballonuridae were captured. Only 136 bats of nine genera and 11 species were parasitised. Periglischrus iheringi Oudemans was the most abundant mite species, and this prevalence may be related to the low degree of host specificity of this species and due to the broad geographical distribution of its hosts. The greatest mean intensity was found to Periglischrus torrealbai Machado-Allison on Phyllostomus discolor Wagner (Phyllostomidae) and Periglischrus tonatii Herrin and Tipton associated with Lophostoma silviculum d'Orbigny (Phyllostomidae), which also had the highest prevalence of infestation.
Introduction
The spinturnicid mites are exclusive ectoparasites of bats that spend all stages of the life cycle on host's patagium, feeding on blood (Sheeler-Gordon and Owen 1999, Dowling 2006) . The genera show different degrees of specificity in relation to host´s families (Dusbábek 1968) , which may be due to ecology and geographical isolation of their hosts and life history strategies of parasites (Wenzel and Tipton 1966, Gannon and Willig 1995) . Thus, the specificity is an important trait in the life history of the parasites (Poulin and Mouillot 2003) .
In New World, four spinturnicid genera are found: Cameronieta Machado-Allison, 1965 , with six species that parasitise bats of the family Mormoopidae (Deunff et al. 2007) ; Periglischrus Kolenati, 1857 includes 24 nominal species and two undescribed that parasitise bats of the family Phyllostomidae (Morales-Malacara 2001, Morales-Malacara and Juste 2002); a monotypic Paraspinturnix Rudnick, 1960 parasitising bats of the genus Myotis Kaup (Herrin and Tipton 1975) ; and Spinturnix von Heyden, 1826 that usually occurs on bats of the family Vespertilionidae (Herrin and Tipton 1975) .
Few informations about the association of spinturnicid mites and their hosts in Brazil are available. The most information about 10 species of Periglischrus and one of Spinturnix recorded in Brazil comprises geographic and host occurrences (Confalonieri 1976 , Azevedo et al. 2002 , Graciolli et al. 2008 , Silva et al. 2009 ). Only Gettinger and Gribel (1989) , Dantas-Torres et al. (2009) and Almeida et al. (2011) showed at least one parasitological index (prevalence and/or intensity/abundance sensu Bush et al. (1997) ) for spinturnicid mites on their hosts.
The objective of this study is to describe quantitatively the distribution of the species of Spinturnicidae on their hosts and measure their host specificity in the area of Pantanal, Brazil.
Materials and methods
Samples were collected from July 2002 to July 2003, three times each month in the Rio Negro farm (19°34´22˝S and 56°14´36˝W), Pantanal Nhecolândia, in Aquidauana, Mato Grosso do Sul.
The bats were captured using mist nets 2.6 x 12.0 meters, mesh 36 mm (Avinet ® ), armed in the evening close to the ground in the habitats of "Capão" (circular or elliptical islands of semi-deciduous forest, often measuring less than five acres, *Corresponding author: camila_bio@hotmail.com surrounded by fields flooded pastures, numerous water bodies, and elevated areas between one and three meters, with vegetation of shrubs and environments whit dry trees species), riparian forest and mountain range and disarmed after six hours. Following the visual review, the mites were removed manually from the host body with forceps and fine-tipped brushes moistened with alcohol, and fixed in 70% ethanol in individual containers for each host specimen. The mites were mounted on permanent slides in Hoyer's medium (see Flechtmann 1990) and investigated under the light microscope. For generic and specific identifications, we followed Furman (1966) and Herrin and Tipton (1975) . The specimens were deposited in the Zoological Collection of the Federal University of Mato Grosso do Sul, Campo Grande. The parameters for estimating the ectoparasitic mite community on each host species were: richness and abundance. For each parasite species was calculated the prevalence (percentage of hosts parasitized by a parasite taxonomic group) and the mean intensity of infestation (mean number of each ectoparasite species per host parasitised) (Bush et al. 1997) . To verify the specificity of parasite species found was calculated the index of Rohde (SR) (Rohde 1980) : SR=∑ (xi/nihi)/∑ (Xi/ni), where xi = number of parasite individuals; ni = number of hosts examined; xi/ni = abundance; and hi = ranking of host species (host with the most abundance is number 1). SR values vary between zero and 1, and the closer to 1, the greater the host specificity (Byrnes and Rohde 1992) .
To compare the host specificity with other biomes in Brazil, we calculated the specificity index of Rohde (SR) using data available in Gettinger and Gribel (1989) The prevalence and mean intensity of infestation with their respective confidence intervals were calculated with 2,000 replications on the software Quantitative Parasitology 3.0 (Rózsa et al. 2000) .
Results
A total of 645 bats belonging to 16 genera and 20 species of the families Phyllostomidae, Noctilionidae, Molossidae, Vespertilionidae, and Emballonuridae were examined (Table I) .
In (Table I) .
Over the following species of bats were not found spinturnicid mites: Molossus molossus (Pallas) (8 individuals examined), Molossus rufus (Geoffroy) (3), Nyctinomops laticaudatus (Geoffroy) (1) (Molossidae), Carollia perspicillata (Linnaeus) (4), Chrotopterus auritus (Peters) (4), Diaemus youngi (Jentink) (2), Lophostoma brasiliense Peters (3), Mimon crenulatum (Geoffroy) (1) (Phyllostomidae) and Rhynchonycteris naso (Wied-Neuwied) (1) (Emballonuridae).
There was variation in the prevalence of the mites, and the highest values were observed for species associated with their primary hosts, there were also differences in the values of mean intensity of parasitic infestation among species, ranging from 1 to 9 (Table II) . The host specificity was above 0.60 for all spinturnicid species found in the Pantanal, Cerrado, and Atlantic Forest (Tables III, IV , V and VI). Periglischrus iheringi had the lowest SR in all regions.
Discussion
Variations in the associations between ectoparasites and hosts in different regions can be attributed to variations in their own communities of bats, especially in terms of richness and abundance, and the biogeographical history of the area (Rui and Graciolli 2005) . The rate of parasitism can be influenced by such factors as the type of shelter that the host uses, the associations between different species of bats in the shelters and the behavior of hosts and their parasites (Komeno and Linhares 1999) . Periglischrus iheringi is the most common species in the Neotropical region, and this may be due to the wide geographic distribution of its various hosts (Herrin and Tipton 1975) . Previous studies also reported P. iheringi parasitizing Sturnira lillium in Mexico (Kingston et al. 1971) , Venezuela (Herrin and Tipton 1975) and Paraguay (Whitaker and Abrell 1987) . In Suriname, Dusbábek and Lukoschus (1971) found P. iheringi on Artibeus lituratus and P. caligus on Glossophaga soricina.
Periglischrus herrerai and P. caligus had lower prevalence on Artibeus planirostris, which is not considered the primary host of these species. Perhaps the presence of these mites on A. planirostris may be resulted of the parasite transitions to meet the preferred host, or even contamination (Table II) . The prevalence of P. iheringi on Platyrrhinus lineatus is similar to the value found by Dantas-Torres et al. (2009) .
Periglischrus tonatii associated with Lophostoma silviculum had the highest prevalence (Table II) . One individual of L. silviculum was infested by 18 individuals of P. tonatii. According to Herrin and Tipton (1975) , P. tonatii is almost totally restricted to bats of the genus Lophostoma. However, cases of large numbers of ectoparasites may be related to sick or debilitated hosts, for example, show their self-cleaning capacity committed, and in these cases the actual infestation may contribute to further weaken the host (Rui and Graciolli 2005) .
The highest mean intensity was observed for P. torrealbai on Phyllostomus discolor. These data indicates that P. torrealbai is a common parasite of Phyllostomus (Machado-Allison 1965 , Furman 1966 , Herrin and Tipton 1975 .
In Almeida et al. (2011) , four mite species infested the same host species as in this study, and P. herrerai had the same mean intensity value for Desmodus rotundus in Pantanal and Southeastern Brazil.
Based on the information on host specificity of previous studies, the majority of mites collected was associated with their primary hosts and all spinturnicid mites showed high host specificity based on the SR (Table III) . In the same way as in other regions of Brazil the SR was high (Tables IV, V and VI).
The lowest SR values for P. iheringi is in according to Herrin and Tipton (1975) who consider it a polyxenous parasite (very low host specificity, occurs in hosts of two or more genera). Although P. iheringi is usually found on bats of the subfamily Stenodermatinae, Gettinger and Gribel (1989) reported the possibility of P. iheringi be represented by a complex of sister species, reproductively isolated from different host species, but morphologically similar.
In this work, P. herrerai, which is considered monoxenous (associated with only one host species) (Herrin and Tipton 1975) , was found on four host species of four genera (Table I) . However, spinturnicid mites recorded on unusual host species could be interpreted as cases of accidental parasitism, transfer between different species of bats which share the same ecological niche or due to improper handling of materials during collection (Furman 1966) . If the transfer happens naturally, parasites can be found in non-primary hosts when the primary host is not present in the sample (Dick 2007) . Machado-Allison (1965) and Gettinger and Gribel (1989) recorded P. herrerai only on D. rotundus, Herrin and Tipton (1975) , also noted on a species of Sturnira, but due to small sample found, regarded it as an accidental host or contamination. Herrin and Tipton (1975) reported that P. caligus, P. torrealbai, P. tonatii and P. acustiternus are stenoxenous, occurring on a single host genus. Therefore, the occurrence of P. caligus in two host species not belonging to Glossophaga may be considered as a possible accidental contamination, mainly because it was found only one specimen in each host. Furman (1966) , Dusbábek and Lukoschus (1971) , Herrin and Tipton (1975) , Gettinger and Gribel (1989) and Silva et al. (2009) also reported the occurrence of P. caligus on G. soricina.
The presence of Periglischrus torrealbai and P. acutisternus on P. discolor had already been reported by Furman (1966) and Gettinger and Gribel (1989) in Panama and in the region of Cerrado, central of Brazil, respectively.
Periglischrus ojastii is normally found on species of Sturnira. In Venezuela it shows low specificity (Herrin and Tipton 1975) , because some individuals of this mite species were recorded in several species of bats, not discarding the possibility of accidental association or contamination during collection. P. ojastii was found only in S. lilium confirming results of previous studies that recorded this species as ectoparasite almost exclusively of Sturnira, but may occur in two or more host genera. Machado-Allison (1964 , 1965 reported collections from S. lillium and S. ludovici in Venezuela, and Furman (1966) , who described this species as Periglischrus aitkeni, reported collections of S. lilium and S. ludovici, an unidentified species of Sturnira, and Noctilio leporinus in Panamá (Herrin and Tipton 1975) .
Spinturnicid mites occur in low prevalence and intensity on their host in Pantanal and show high host specificity even in different biomes.
